Wild female blackflies were collected at five cattle sheds in Oita, southern Japan, where a human zoonotic onchocerciasis had occurred. Among the eight Simulium species captured, S. bidentatum was predominant, followed by S. arakawae. Natural infections with filarial larvae were found in 10.5-20% of the parous S. bidentatum collected at three cattle sheds, and also in 6% of the parous S. arakawae captured at one cattle shed.
INTRODUCTION
In relation to the transmission of human zoonotic onchocerciasis found in Oita, Japan (Hashimoto et al., 1990) , we carried out collections of wild blackflies using human baits at the residential area of Tabaru, the suspected infection place, and suggested that Simulium bidentatum (Shiraki) might have been the vector of this zoonotic parasite to humans due to its high anthropophily, abundance and natural infections with larvae of Onchocerca spp. (Takaoka et al., 1989) . The identity of these zoonotic Onchocerca larvae and their natural animal hosts have remained to be studied yet.
We made further investigations on filarial infections of blackflies at several cattle sheds around Tabaru in the western part of Oita City. In this paper, we report that S. bidentatum is the predominant species attacking cattle and is naturally infected with larvae of two types of Onchocerca (one type, unknown and the other, resembling O. gutturosa Neumann, 1910 Table 1 shows the results of dissections of blackflies collected at five cattle sheds. The majority of blackfly species at cattle sheds 1-4 were S. bidentatum, followed by S. arakawae, whereas the latter species predominated at cattle shed 5.
RESULTS
Natural infections of S. bidentatum with filarial larvae were found in three of five cattle sheds surveyed, with infection rates of parous flies being 10.6%, 10.5% and 20%. 
DISCUSSION
In the present study, three types of third-stage larvae were recovered from three blackfly species. These are all assigned to the genus Onchocerca by possessing the very small, almost indiscernible caudal lappets. Larvae of type I, chiefly infecting S. bidentatum, appear to be more frequently encountered than type II, as shown in Tables 3 and 4 . The young third-stage larvae found in S. arakawae at cattle shed 5 probably are the same species as type I by its body length and ratio of oesophagus/body length. Type I does not correspond to any of the known third-stage larvae of Onchocerca (Bain and Chabaud, 1986 ). On the other hand, type II infecting only S. bidentatum is assumed to be O. gutturosa, a common Onchocerca of cattle, although this bovine filaria has been reported to develop in Culicoides in European region (Bain, 1979) . The measurements of type III larvae recovered from S. arakawae agree well to that of O. lienalis, another bovine Onchocerca species, given by Bain and Chabaud (1986) .
In order to know whether these three types of Onchocerca have originated from cattle bred in surveyed area, blood-fed blackflies were examined for the presence of microfilariae.
Two principal types (X, Y) of microfilariae were found in three blackfly species (Table 2) .
A comparative analysis of these microfilariae and the slide-mounted microfilariae of determined Onchocerca from Museum National d'Histoire Naturelle, Paris, revealed that type X seems to be composed of at least two different species, i.e., one resembling O. lienalis, which is wider, especially in the anterior third of the body and presents a trapezoidal or rounded head according to the orientation, as shown in Fig. 1 B, D ; the other resembling O. gutturosa with an inflated or slim head, as shown Fig. 1 A, C. On the other hand, type Y remains unidentified, although it resembles some species of Cercopithifilaria Eberhard, 1980 by its flattened body; microfilariae of this genus are dermic and vectors are ticks (Bain et al., 1988 ). Blood-fed flies were maintained alive for 6-9 days in an attempt to determine whether microfilariae ingested by blackflies at cattle shed 2 could develop to third-stage larvae. The rate of blood-fed flies harboring third-stage larvae of each type was compared to that of unfed flies (Tables 3 and 4 ). Our data show that the rate of blood-fed S. arakawae infected with third-stage larvae of type III (3.6%) was slightly higher than that of unfed flies (2.1%), suggesting the development to the third stage of a proportion of microfilariae ingested. However, no such an increased infection rate was observed in S. bidentatum for type I (1.2% for blood-fed flies vs. 2.0% for unfed ones) and type II (0.6% vs. 0.7%). Most of the thirdstage larvae of types I and II found in blood-fed S. bidentatum might have originated from the previous infection; it should be noted that the rate of S. bidentatum ingesting microfilariae resembling O. gutturosa is suspected to be very low, since majority of type X microfilariae are likely to be O. lienalis, judging from the characteristic consistent pattern of acid phosphatase activity (unpublished data), as observed in the microfilariae of O. lienalis (Trees et al., 1987) . Further studies are needed to related type X microfilariae to types II and III third-stage larvae. The identity of the type I third-stage larvae is at present uncertain. It is possible that this also is a bovine Onchocerca, because of the absence of other ungulates as a reservoir host in and around the study area, as well as its frequent occurrence in the cattle-attacking blackfly species. The possible relationship of type I third-stage larvae with type Y microfilariae, both of which were found most frequently in S. bidentatum, is under investigation.
In the previous paper (Takaoka et al., 1989) , we reported that S. bidentatum was anthropophilic and was naturally infected with two types of zoonotic Onchocerca larvae, suggesting the possible involvement of this blackfly species in the transmission of human zoonotic onchocerciasis in Oita, southern Japan. Our results demonstrate that S. bidentatum is the predominant blackfly species attacking cattle in the same area, followed by S. arakawae, and that three types of Onchocerca larvae are infecting three blackfly species. Simulium bidentatum is infected with two (types I and II) of these three types, as mentioned above. It should be noted that two types of third-stage larvae reported from S. bidentatum collected on human baits at Tabaru correspond to these types I and II respectively. It is thus suggested that S. bidentatum is the most probable potential vector of zoonotic onchocerciasis which may be acquired by humans in the western part of Oita City, and types I and/or II will be responsible as its causative parasite. The possibility of type III being transmitted to humans should not be ruled out since S. arakawae, the probable vector of this parasite, has been reported to bite man in the same area (Takaoka et al., 1989) .
